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The semiconducting half-Heulser compound DyNiBi shows a negative giant magnetoresistance 
(GMR) below 200 K. Except for a weak deviation, this magnetoresistance scales roughly with 
the square of the magnetization in the paramagnetic state, and is related to the metal-insulator 
transition. At low temperature, a positive magnetoresistance is found, which can be suppressed by 
high fields. The magnitude of the positive magnetoresistance changes slightly with the amount of 
impurity phase. 
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I. INTRODUCTION 

Magneto-resistive sensors for information storage play 
an important role in the information technology. At 
the moment, the fundamental physical limits of the cur- 
rent technology have been reached, namely the size of 
the structure. Within the last decade, a new approach 
using the spin of electrons instead of the charges has 
been developed [l[. Devices that have been built uti- 
lizing magnetoresistive (MR) effects have become impor- 
tant, e.g., devices built upon the giant magnetoresistance 
(GMR) effect @, %. Tunnel magnetoresistance (TMR) 
was exploited in constructing magnetic tunnel junctions 
(MT Js) ; MT Js based on full-Heusler compounds seem to 
be especially good candidates for building devices [1]. 

This letter reports on the GMR in the semiconducting 
bulk compound DyNiBi. In the semiconducting ternary 
rare earth compounds RENiSb (RE = Tb, Dy, Ho), 
which have the same half-Heusler structure as DyNiBi, a 
large magnetoresistance has been found at low tempera- 
ture Q . The magnetoresistance of these compounds have 
been studied extensively [1, 0] ■ Magnetoresistance often 
appears in narrow gap semiconductors having an internal 
magnetic shell, thus one can expect large magnetoresis- 
tance in the i?£MBi series, which have a smaller gap than 
the RENiSb compounds S| . Recently, it was shown that 
18 valence electron compounds with this structure (MgA- 
gAs structure) are closed shell species, non-magnetic and 
semiconducting i9|. The ^electrons of the rare earth 
metal are localized and therefore not considered as va- 
lence electrons. 

At low temperatures, a positive contribution to the 
magnetoresistance is found, similar to other rare earth 
containing compounds (e.g. fiol l) and doped ZnO films 
(e.g. On the other hand, the magnitude of the pos- 

itive MR slightly increases with higher impurity contend. 
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II. EXPERIMENTAL DETAILS 

DyNiBi samples were prepared by arc melting the pure 
elements under a dry argon atmosphere. A slight ex- 
cess of bismuth (from 5 up to 20% for different samples) 
was used to compensate for losses during the arcmelt- 
ing process. Nevertheless, the melting was carried out 
with low current to minimize the loss of bismuth. To en- 
hance homogeneity, the samples were turned over at least 
once. The resulting ingots were wrapped in tantalum foil, 
sealed under vacuum into silica tubes and annealed for 7 
day at 750 C. 

The structure was investigated by means of x-ray 
diffraction (XRD) using Cu - K a radiation. DyNiBi crys- 
tallizes in the cubic MgAgAs structure type (CI;, struc- 
ture, F43,m) with a = 0.64108 nm, Dy at 46 (± \ ±), 
Ni at 4c (| | |) and Bi at 4a (0 0), which is in good 
agreement with Magnetic measurements show an 

antifcrromagnetic transition at Tjv = 3 K. 

Figure [T] shows the temperature dependence of the re- 
sistivity in different magnetic fields. The metal to semi- 
conductor transition temperature strongly depends on 
the degree of order in the sample. The CI;, structure 
can be thought as Heusler structure (L2i structure) with 
a vacant site. Thus Ni atoms can occupy the vacant site; 
antiphase domains corresponding to the inversion of Dy 
and Bi may occur. The degree of order and thus the tran- 
sition temperature can be changed by simple annealing 
of the sample. Longer annealing enhances the degree of 
order and shifts the transition to lower temperatures (not 
shown here). For the temperature range 200 - 300K, the 
resistivity p a follows the activation law: 

p a = p Q e^p{E a /k B T), (1) 

where E a w 10 meV. For temperatures lower than 100 
K a metallic-like behavior is observed. Such a behavior 
is typical for conduction through an impurity band that 
overlaps the conduction band. The resistivity p m can be 
approximated by: 
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Pm = P0 + CT a , (2) 

with a ~ 0.6. Thus the complete temperature de- 
pendence can be described by the conduction of parallel 
channels, one corresponding to the metallic conduction 
and the other to the thermal activation. The temper- 
ature dependence of the MR is weak above 150 K, but 
increases at lower temperatures. The resistivity slope 
shows a metal - insulator (MI) transition. This transi- 
tion strongly depends on the preparation conditions, e.g., 
longer annealing of the samples shifts the transition to 
lower temperatures. 
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FIG. 1: Resistivity and magnetoresistance of DyNiBi in dif- 
ferent magnetic fields. The resistivity has been normalized to 
value of 300 K/ zero field. 

Non-magnetic rare earth compounds have a low 
positive magnetoresistance. This weak MR may arise 
from the additional scattering of the charge carriers 
due to the Lorenz force (see e.g. [Hj]). For similar rare 
earth containing semiconductors with a magnetic tran- 
sition, a negative MR is found that, for low MR values 
in the paramagnetic state Q, is proportional to the 
square of the magnetization of the 4/shell and is given by: 



MR = —AM 2 (H,T), (3) 

Figure [2] shows the field dependence of the resistivity 
at 80 K (open circles). A fit to the experimental data 
(solid line) shows the M 2 variation of the MR with A 
= 1.767 x 10~ 9 kOe~ 2 . At 10 K, the sign of the MR 
changes in low fields. The magnitude of the positive MR 
is slightly different for the measured different samples. 
The compound with the higher impurity contend shows 
a slightly higher positive MR. 
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FIG. 2: Field dependence or the resistvity at 80 K (top) and 
10K (bottom). The straight line is the fit according to equa- 
tion [3] At 10 K two samples with slightly different bismuth 
impurities were measured (triangles = higher impurity con- 
tend). 

Scanning electron microscope (SEM) measurements re- 
veal the inhomogeneity of the sample (Figure [3|) . Small 
semimetallic Bi dots (A) are clearly visible in the semi- 
conducting DyNiBi matrix. The Bi dots on the surface 
(B) are due to the soft polishing process. The size of the 
Bi dots is 400 - 800 nm. 
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FIG. 3: Scanning microscope image of a polished DyNiBi 
surface. Arrows mark Bi dots in the DyNiBi matrix (A) and 
on the surface (B) due to soft polishing 

The positive MR in low fields and at low temperatures 
can be explained in two different ways. First, it could be 
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due to changes to the density of states and mobility for 
up- and down-spin carries as found in EuSe [3]. Second, 
the positive MR could be caused by the metallic bismuth 
impurities. It is known that inhomogeneities have signif- 
icant effects on the physical properties of semiconductors 
[HI [III , and, in particular on the magnetoresistance [TtJ • 
The embedded bismuth acts as a short circuit with most 
of the applied current passing through it. When a mag- 
netic field is applied, the semimetallic inhomogeneities 
act as open circuits and the total resistivity rises [HI]. 
This geometric contribution to the GMFLthe so-called 
extraordinary magnetoresistance (EMR) [19] constitutes 
a significant change of the MR at fields below 6 kOe. As 
the magnitude of the positive MR changes at different 
impurity contend of the samples (Figure Eb)> the posi- 
tive MR is more likely attributed to the EMR. In higher 
fields, the EMR is overwhelmed by the negative GMR. 
Similar to other semiconducting rare earth compounds, 
the negative GMR effect is due to the polarization of the 
current carriers by the 4 / shell [3] • 

The goal is to synthesis new materials for spin applica- 
tions. The compound shows a negative GMR below 200 



K. The transition depends strongly on the sample prepa- 
ration conditions. A higher charge carrier density should 
shift the GMR to higher temperatures [2(| • Possible due 
to small Bi inhomogeneities, the compound also shows a 
positive MR at low temperatures and fields whose origin 
can be explained by the extraordinary magnetoresistance 
effect (EMR). For these cases, the EMR is suppressed in 
higher fields by the negative MR of the DyNiBi phase. 
By tuning the bismuth impurities, the EMR effect is af- 
fected. Semiconductor-metal hybrid structures are con- 
sidered to be of enormous technological interest for the 
development of, e.g., ultrafast read heads. Using this ap- 
proach could lead to the development of a simple bulk 
sensor for magnetic fields. 
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